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DEFINITIONS FOR CLASSIFICATION AND MEASUREMENT

CLASSIFICATION OF SECTORS R&D at a university, are credited to the appropriate
source. For example, research contracts from industry

The National Science Foundation (NSF) follows & ¢ reated as university performance funded by indus-
four-sector division in reporting research gnd.dgveloqu. Funds given to the institution by industry for gen-
ment (R&D) funds and personnel and maintaining 15 equcational purposes and used by the school—at

time-series data on expenditures and employment. Th€is retion—for research are treated as university

sectors are (1) industry, (2) the Federal Goverment, o tormance financed with the university’s own funds.
(3) universities and colleges, and (4) other nonprofit

organizations. These are described in more detail be- ., Nonprofit Institutions. This sector con-

Isoevgrcaa;ﬁ(?:jgvﬁg Crﬁiiitsgnftzrr;e(?fgglg gg;dﬁﬁiéﬁasists of institutions that fall into two general groups:
P ’ fJe.) organizations that are primarily granting in na-

organizations exclusively or substantially financed byture—i.e. private philanthropic foundations and volun-

the Federal Goyernme_:nt to r_n_e_et a particular requwe-tary health agencies; and (2) public and private organi-
ment or to provide major facilities for research and a

iated traini Each ter is admini _%htionsinvolved in performing R&D, including
sociated training purposes. tach Center 1S adminis: pep sy o gministered by nonprofit organizations.
tered either by an industrial firm, an individual univer-

sity, a university consortium, or a nonprofit institution.

Federal Government. This sector consists of RESEARCHAND DEVELOPMENT

the agencies of the Federal Government of the Unite{CATEGORIES

States. Research and Developmentln this report

R&D consists of basic and applied research in the sci-

Industry. This sector consists of both manufac- . . ) . . . .
. . . ences (including medical sciences) and in engineering,
turing and nonmanufacturing companies. Manufactu

) ) o nd activities in development, all defined below.
ing companies are reported by major industry group-
ings. Nonmanufacturing companies include those in

o : : - The Federal, university, and nonprofit sectors in-
mining, construction, transportation, commuations,

IcIude data for the broad fields of physical sciences, en-
\itonmental sciences, mathematical sciences, computer
. ) e sciences, life sciences, psychology, social sciences, an

of FFRDCs administered by industrial firms genera”yall-inclusive “other sciences” category, and engineering.

;)Srtlarg:llgﬂfsda:rr]elr:\j/zﬁgglteos:wlzlrilz)rg)(:tue%hslzezzr?azly fronl1ndustry coverage is limited to (1) the physical sciences,
R&D totals. Industry’s funding of industry R&D in- including related engineering and (2) the biological sci-

: ences, including medicine but excluding psychology.
cludes allfunds received from non-Federal sources Industry R&D specifically excludes research in the so-
(e.g., from State and local governments).

cial sciences.

and computer and data processing servieesformance

Universities and Colleges.This sector consists

of all institutions of higher education, both public andand nonprofit sectors, basic research is defined as re-

ng/ztre;i tiZir;%r(;ncaor;li: € gfs Zfsrzcjr?: dmslgls;?;?g b1¥ro r%earch directed toward increases in knowledge or under-
. ges reported separately standing of the fundamental aspects of phenomena and
totals for this sector. University funding of university

R&D includes (1) State and local government funds of observable facts without specific application toward

) rocesses or products in mind. For the industry sector,
separately budgete_zd fpr R&D and (2) restricted or g asic research projects are defined as “original investi-
eral funds that the institutions themselves have been

ations for the advancement of scientific knowledge . . .
free to allocate for research. Funds from the Feder P 9

Government, industry, or other nonprofit institutions hich do not have specific commercial objectives, al-
» INGUSTrY, P though they may be in fields of present or potential in-
that are supplied in the form of grants or contracts f

%Ferest to the reporting company.”

Basic Research.Wwithin the Federal, university,
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Applied Research Within the Federal, univer- space). “Space R&D” consists of R&D spending by
sity, and nonprofit sectors, applied research is definedNASA. All industry-funded R&D is classified as
as research directed toward gaining “. . . knowledge ativilian R&D, including expenditures by aerospace and
understanding necessary for determining the means kglectronic industries.
which a recognized and specific need may be met.”
The applied research definition for the industry sector is

modified to include “. . . research projects which CURrRRENT OrPErATING CosTS

represent investigations directed to discovery of new Funds used for R&D refer to current operating

scientific knowledge and which have specific commer-;,qs “ These costs consist of both direct and indirect
cial objectives with respect to either products or pro-

i’ costs. They include not only salaries, but also fringe
CEsSes. benefits, materials, supplies, and overhead. The R&D
o costs include depreciation, insofar as this information is

Development. The NSF survey definition of available to respondents. Capital expenditures are
developmentis “. . .the systematic use of the knowl-gxcluded by definition in the surveys of the industry and
edge or understanding gained from research directed 5cademic sectors. Under the accounting practices of

toward the production of useful materials, devices,  gome Federal agencies, obligations for capital items
systems or methods, including design and developmeg{ay pe included.

of prototypes and processes.” It excludes quality

control, routine product testing, and production. For universities and colleges, R&D data are for
separately budgeted expenditures only. Consequently,
these data exclude that portion of salaries for research

DerFeNSESPACE-CIVILIAN time or other research expenses financed by funds not

CLASSIFICATION specifically earmarked for R&D from State and local

governments and other non-Federal sources, including
This report contains data on (1) the preliminary  endowments.

percentage distribution of total U.S. R&D performance

by national objective (table C-14) and (2) the reported

distribution of Federal R&D authority by budget

function (table C-23). The performer-based U.S. INTRAMURAL FEDERAL
shares differ from the Federal budget authority sharePERFORMANCE OF R&D

for several reasons. The U.S. shares are based on Intramural R&D performance by Federal agencies
expenditures reported by performers that often expengbfers to work carried on directly by agency personnel.
Federal R&D funds in a year other than the one in  Eageral obligations reported under this category are for
Wh|_ch t_he Federal GovernmenF prowded aUthor_'Zat'O”activities performed or to be performed by the reporting
obhgatlons,_or outlgys. In addition, the two series areagency itself or represent funds that the agency trans-
based on slightly different concepts. For example,  fers to another Federal agency for performance of
v_vhereas in the U.S. series _aII of the National Aeronaygyork. as long as the ultimate performer is that agency
tics and Space Administration’s (NASAS) R&D funds o any other Federal agencylf the ultimate performer
are considered to be expenditures for space R&D, thgs not a Federal agency, the funds so transferred are
budget authority data are distributed according to thejnstructed to be reported by the transferring agency

Thus, NASAs R&D budget authorizations are distrib-ynjversities and colleges, other nonprofit institutions,

uted between the space research and technology fungs; jndustrial firms).
tion and the transportation function.

) _ Intramural activities cover not only the actual intra-
“Defense R&D” consists of R&D spending by the m,ra R&D performance, but also the costs associated
Department of Defense (DOD) and defense-related  ith the planning and administration of both intramural
atomic energy programs of the Department of Energyand extramural programs by Federal personnel. Intra-
All DOD activities are classified as defense, although 1, ral activities also include the costs of supplies and
some activities have secondary objectives (for examplg,uipment, essentially of an “off-the-shelf” nature, that
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are procured for use in intramural R&D. For examplaerpreted as real resources foregone in engaging in
the purchase from an extramural source of an opera-R&D rather than in other activities such as consump-
tional launch vehicle (i.e., one that has gone beyond tkien or physical investment.
development or prototype stage) that is used for intra-
mural performance of R&D is reported as a part of the Broad-based deflators—such as the GDP defla-
cost of intramural R&D. tor—could also be useful in approximating changes in
the costs of conducting R&D activitiés. However,
these deflators are less appropriate for calculating real

CONTROLLING FOR INELATION R&D costs at a disaggregated level, e.g., in estimating
the costs over time of conducting the level of R&D
AND FOREIGN CURRENCY within a particular science or engineering subfield. In

Throughout this report, the term “current dollars” addition, even when an opportunity cost criterion is
refers to dollar amounts as they are measured and used, the usefulness of the deflator is constrained by the
exchanged in the actual year(s) in question. In contrdefjgth of the time span examined—the longer the time
“constant dollars” refers to dollar amounts normalizedspan, the less meaningful the deflator. That is, over
for inflation. For example, if the same dollar amount i®ng spans of time, such as 20 years, dramatic changes
reported in current dollars for two different years, thisin the makeup of goods and services create ambiguities
means that, because of inflation, fewer actual goods in the interpretation and measurement of quality
and services could be purchased with that amount in tf@nge, which in turn adversely affect the reliability of
more recent year than in the earlier year. If the sameprice deflators.
amount is reported in constant dollars for two different
years, this means that, because the amount has been Comparisons in this report of U.S. and interna-
normalized for inflation, the same purchasing power tional R&D expenditure data are based on reported
would exist in each of the two years. Terms that are R&D investments converted to U.S. dollars using
equal in meaning to current and constant dollars are, purchasing power parity (PPP) exchange rates. PPP
respectively, “nominal” and “real” dollars. These termgxchange rates are designed to reflect differences in the
are also used to describe changes in dollar amounts purchasing power of currencies, based on the quantity
over time. For instance, suppose a particular type of of currency needed in order to purchase equivalent
expenditure grew at a rate of 5 percent per year overguantities of actual goods and services in the countries
10-year period. Such growth may be described as a & question. That is, PPP exchange rates reflect real
percent growth in real terms, or equivalently, a real purchasing power, in the same sense that real dollars,
growth of 5 percent, meaning the constant-dollar described above, control for inflation. The PPP ex-
amounts grew at a 5 percent rate, while the current change rates used are generally not equivalent to market
dollar amounts grew at a greater rate due to inflation.exchange rates, i.e., how much one currency would cost

if it were to be bought (with another currency) from a

In keeping with U.S. Government and internationafinancial institution. Market exchange rates are often
standards, R&D trend data usually are deflated to comrfluenced by factors other than real purchasing power,
stant 1987 dollars using the gross domestic product namely the relative supply of, and demand for, different
(GDP) implicit price deflator. (See table C-1.) Since currencies in international financial markets. A PPP
GDP deflators are calculated on an economy-wide  exchange rate would not be equivalent to an ideal R&D
rather than R&D-specific basis, their use more accu- exchange rate, which does not exist at present, but
rately reflects an “opportunity cost” criterion, rather would, in theory, account for international differences
than a measure of cost changes in doing research. ThaR&D costs alone. Nevertheless, the PPP exchange
is, the GDP deflator, when applied to R&D expenditureate is generally better at reflecting differences in R&D
or funding data, reflects the value of R&D in terms of costs between countries than a market exchange rate.
the amount of other goods and services that could have
been purchased with the same amount of money. The
constant-dollar figures reported here thus should be in-

27See J.E. Jankowski, “Do We Need a Price Index for
Industrial R&D?,"Research Policg2, 1993: 195-205.
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PERFORMERREPORTING

There is no single survey of R&D activity in the
United States. Rather, NSF sponsors a series of
surveys to collect data on the financial and human
resources devoted to R&D in the various sectors of t

the National Patternsseries. As detailed in the
Federal Funds for Research and Developnsemies
(Federal Funds)such intramural activities cover costs
associated with the planning and administration by
Federal personnel of intramural and extramural R&D

hﬁrograms as well as actual intramural R&D perfor-

U.S. economy (defined above). Although these surveys, .o | general, the universe of Federal agencies

are not designed specifically for this purpose, they  itn RgD programs has been surveyed annually since
proylde the primary source materlal_ for_ estimating the1953 for their R&D performance and since 1963 for
national R&D totals. Respondents indicate the the distribution by character of work. The most recent
amounts they spend on R&D in their own sector and, survey included R&D funding as reported by more
generally, the sources of these funds. To the greatesi,, 300 reporting sites aggregated into 102 individual
extent possible, national totals are based on data as o qndents from 32 Federal agencies or their subdivi-

reported by performers because they are in the best

sions.

position to (1) indicate how much they spend in the
actual conduct of R&D in a given year; (2) classify
their work as basic research, applied research, or
development; and (3) identify the sector of the econo
in which their financing originated. For these reasons
and because the consistent use of performer reportin
reduces the possibility of double-counting and conform
to international standards (as outlined by the
Organisation for Economic Co-operation and Develop=
ment), R&D data are presented on a performer basis
whenever possible.

Separate R&D performance totals are reported for
(1) the Federal Government, (2) industry, (3) universi-
ties and colleges, (4) university-administered FFRDCs,
and (5) other nonprofit organizations. R&D performed
by State and local government agencies is not included
in the national R&D totals. When State and local .
governments are listed by a survey respondent as the
source of non-Federal R&D funds, those amounts are
included in the source totals of the sector reporting the
R&D performance.

The following material outlines the approaches and
assumptions used for deriving the national totals. The
procedures for estimating R&D expenditures by
performer and source for the years 1992 through 1996
are further summarized in table B-7. The structure of
the table is the same as that of tables C-2, C-5, C-8

Federal Agencies as a Source of R&D Fund-

ing. NSF collects data on federally financed R&D
rTl%m both Federal funding agencies and performers of
he work (Federal labs, industry, universities, and other
gnprofit organizations). As reported by Federal agen-
cies,National Patternsises data on Federal R&D bud-
get authority and outlays, in addition to Federal obliga-
tions. The use of each series is clearly noted in the text.

Budget authoritys the primary source of legal
authorization to enter into financial obligations that
will result in outlays. Budget authority most
commonly is granted in the form of appropriations
laws enacted by Congress with the approval of the
President?

Obligationsrepresent the amounts for orders
placed, contracts awarded, services received, and
similar transactions during a given period, regard-
less of when the funds were appropriated or when
future payment of money is required.

Outlaysrepresent the amounts for checks issued
and cash payments made during a given period,
regardless of when the funds were appropriated or
obligated.

For the reasons cited above, national R&D expen-

and C-11, in which the expenditure totals are detailedfjlture totals are constructed_ primarily pased on data
reported by performers and include estimates of Federal

R&D funding to these sectors. But until performer-

FeEpErRAL GOVERNMENT

Federal Performance Expenditures.Federal

2See NSFFederal R&D Funding by Budget Function:

agency R&D obligations for intramural performance Fiscal Years 1994-96 (Budget Functiph)SF 95-342
are treated as the equivalent of R&D expenditures in (Arlington, VA, 1995).
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reported survey data on Federal R&D expenditures agata for the years in which a sample was not drawn did
available from industry and academia, data collectednot include companies that were new entrants in the
from the Federal agency funders of R&D are used to R&D field, and such data were generally biased in a
project R&D performance. When survey data from thelownward direction. The Census Bureau, however, did
performers subsequently are tabulated, these statistiastimate the annual changes in R&D data for compa-
replace the projections based on funder expectations.nies that reported R&D in the sample year but were not
Historically, the two survey systems tracked fairly included in the panel. As new samples were drawn,
closely. For example, in 1980 performers reported revisions to previous years’ estimates were issued—a
using $29.5 billion in Federal R&D funding, and process called “wedging.”
Federal agencies’ reported total R&D funding between
$29.2 billion in outlays and $29.8 billion in obligations  For example, a new sample was drawn for 1987,
(table B-1). Inrecent years, however, the two series from which R&D data were collected for 1986 as well
have diverged considerably: For 1994, performers as 1987. The Census Bureau used the data from the
reported $60.2 billion in Federal R&D support, com- new sample to revise 1986 R&D performance esti-
pared with the $66.2 billion to $68.3 billion reported bynates. It also used the new 1986 data in combination
Federal agencies. with data from the last sample year, 1981, to revise
estimates for the intervening years. NSF subsequently
The difference in the Federal R&D data totals provided a second round of revisions to the 1982-85
appears to be concentrated in funding of industry R&D series. In both cases the revisions were done on
(primarily aircraft and missile firms) by the Departmerdn industry basis: an effort was made to apply the
of Defense. Overall, industrial firms have reported overall 1981-86 growth rates while preserving the
significant declines in Federal R&D support since relative year-to-year movements in each industry’s
1990, while Federal agencies reported level or slightlyR&D. This approach resulted in major revisions of the
increased funding of industrial R&D. For 1994, 1982-87 industry R&D time series previously published
Federal agencies reported $31.7 billion in total R&D in National Patternsespecially of the nonfederally
obligations provided to industrial performers, comparddnded component of industry’s R&D performance.
with an estimated $22.5 billion in Federal R&D fundind@he revised totals, as well as the industry data reported
reported by industrial performers (table B-2). NSF isin the 1990National PatterngNSF 90-316), are
examining the causal factors for these divergent trendsresented in table B-3. (Some of these data have since
been revised, but the revisions were unrelated to the
drawing of a new samplé®)Additional details on
INDUSTRY survey methods, coverage, concepts, definitions, and
reliability of the estimates associated with the R&D
penditure data are contained in the 1990 edition (NSF
-304) of theResearch and Development in Industry
Peries (hdustry R&D).

Sample Design Prior to 1992 In general, the
industry sector has been surveyed annually since 195;;5?;L
for its total R&D performance and since 1956 for the
distribution by character of work. The U.S. Bureau o
the Census conducts the survey for NSF. The survey’s . L
target population is companies, whether U.S. or forei%n Sample Design Revision in 1992More recent

owned, that perform R&D in the United States. Prior urveys of industrial R&D performers have included
to the 1’992 survey, a new sample was drawn énd revised R&D data based on relatively large industry

canvassed only every 5 or 6 years (for example, in samples. In contrast to data being base(_j on probability
1976, 1981, and 1987). In the intervening years, a samples selected around every 5 years, in 1992 NSF

subset of the last sample—called a panel and including
all companies reporting more than $1 million in 29Note that although the Bureau of the Census reestimated
R&D—was surveyed. As a result, for the 1987 surveyps2-86 R&D totals by funding source, it did not provide a
approximately 14,000 firms were selected for the character-of-work distribution for the revised data. After investi-
sample. For the 1988-91 studies, approximately 1,6(%“!”_9 several possible alternatl_ves, NSF chose to allocate the

fthese firms were annuallv resurveved: the other fir revisions (table B-3) on the basis of average character-of-work
0_ . y . . yea, . r‘Hf%tribution published in earlier annuRésearch and Development
did not receive another questionnaire, and their R&D in Industryreports. Allocations for the federally funded and

data were estimated though not observed. Accordinghgnfederally funded R&D revisions were applied separately.
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began to draw new samples annually, with the size oindustry in 1987 to another in 1992—primarily from
each sample increasing to approximately 24,000 firmmanufacturing industries in 1987 to nonmanufacturing
Industry classifications also were updated. The new industries in 1992. Such classification shifts can be
sampling method now better reflects the widening attributed to (1) product mix changes of individual
population of R&D performers among firms in firms that occurred some time between 1987 and 1992,
nonmanufacturing industries and small firmsinall  (2) changes in the 1987 Standard Industrial Classifica-
industries. As a result of these survey improvementstion (SIC) that were effected in the 1992 survey, and (3)
the revised 1991 industry R&D performance total a change in the methodology used by NSF/Bureau of
($117 billion) was 14 percent higher than was previ- Census for classifying companies to specific two- and
ously reported ($102.2 billion), and the national R&D three-digit SIC industries. Given that NSF has, since
total was 10 percent higher. These revisions were first992, been committed to drawing new samples annu-
reported in the 199Klational PatterngNSF 95-304). ally, the issue of wedging, and the reporting biases it
creates, is unlikely to recur.

Of the $14.7 billion revision, $13.7 billion resulted
from the new sample and $1.0 billion from normal data Use of “Nonmanufacturing” as a Single
revisions for firms sampled in both surveys. Further- Industrial Category. The enormous growth in, and
more, $11.4 billion of the $13.7 billion increase stem- increasing economic importance of’ nonmanufacturing
ming from the enlarged sample design was reported f@idustries is common knowledge. Thus, listing a single
nonmanufacturing industries, including $2.0 billion of honmanufacturing sector which includes all services
R&D in industries not previously included in the alongside such specific manufacturing sectors as
sample frame. Complete technical details on industry’simber products is a somewhat archaic method of
new survey methodology are containe®esearch and categorizing U.S. industries. Indeed, circumstances in
Development in Industry: 199NSF 95-328). the future may support the opposite taxonomy: a single

sector called manufacturing, within a categorization

As in previous sampling cycleNational Patterns  scheme that delineates different types of services (e.g.,
includes revisions to the industry data for years inter- health services, communication services, financial
vening the two sample years (i.e., for 1988, 1989, andervices). Use of the current categorization scheme for
1990). The industry and U.S. time series reported hepeg.D statistics, however, is justified on the historical

include the wedged data reported for 1988-90 and theyrounds that the vast majority of R&D performance
revised data for 1991-92. Table B-4 prOVides summafykes p|ace within the manufacturing sector.

statistics for wedged data that appeared in the 1994

National Patternsalong with other data that were The observation that R&D is carried out primarily
previously published. in manufacturing, however, is a product of historical
precedence in the interpretation of “where R&D is lo-
For almost all of the aggregate statistics (for cated” rather than reflecting any real distinction be-

example, industry R&D by Federal and non-Federal tween manufactures and services in terms of the utiliza-
sources of funding), NSF believes that time-series  tjon of new technologies. Services are just as reliant
comparisons (for example, between 1981 and 1994 pon technological change as manufactures. In particu-
data) are still reasonable: Surveys undertaken in botfyr, many new forms of equipment and materials that
years provided the best estimates of the Nation’s  result in technological innovation in services derive
industrial R&D performance total by sampling those from R&D in manufacturing where such equipment and
industries then believed to be conducting R&D. How-materials are first made. Health services is a case in
ever, changes in the survey series between some datgoint. Continual innovation in medical services gener-
elements for consecutive years may be problematic. galy results from R&D in the manufacture of pharma-
Not only do the 1987 and 1992 surveys’ sample size ceuticals and new medical equipment. Because such
and frame differ considerably (see above), but $9.2 R&D was carried out for the specific purpose of im-

billion (in constant 1992 dollars) of R&D performed bysrovingservicesthe attribution of such R&D to manu-
firms reporting in both surveys was shifted from one

48



facturing rather than services is a matter of 1985 and earlier years, for companies that did not
interpretation and precedence, not an absolute differreport character-of-work splits, the Bureau of Census
ence between the sectors in terms of their dependencienputed the splits based on either (1) the company'’s
on, or promotion of, scientific and engineering ad-  percentage distribution reported in its most recent year
vances? of available data or (2) in the absence of any prior year
breakdown for the company, the average character-of-
Another issue is that services and manufactures work split for the industry to which the company was
often differ in the nature of the R&D that they conductassigned. For years after 1985, the Bureau of Census
As a result, the relative quantity of R&D measured fordoes not impute a company’s character-of-work distri-
services, in comparison to manufactures, is dependertiution unless the company has reported a breakout
on how R&D is defined. For example, software within 2 years of the year being imputed. When
development for particular computer entertainment  distributions are not imputed, the Bureau of Census
packages, which would fall under services, would assigns the company’s R&D to an “undistributed
involve idea development that integrates computer  residual” category. (For example, and as detailed in
science techniques with artistic creation. Whether su¢hble B-3, industry reported $96.7 billion in 1992 R&D
an activity would be classified as “R&D” would be a performance with non-Federal funds; of that, the

matter of interpretation and degree. In contrast, Bureau of Census did not distribute $16.4 billion.)
research on new hardware equipment would be much

less subject to interpretation, and would tend to be To provide character-of-work estimates for the
automatically classified as R&D. entire population of firms performing R&D in the

United States, each industry’s (as contrasted with each
Cognizant of these changes in relationships betweardividual company’s) undistributed residual was
technology and R&D and between manufactures and allocated to basic research, applied research, and
services, NSF has expanded its coverage of the development categories using the average character-of-
nonmanufacturing sector in its industry R&D surveys.work splits reported for that industry. This approach
As a consequence, nonmanufacturing firms as a grousulted in relatively higher performance shares for
comprised approximately 25 percent of the total indusbasic and applied research than had been previously
trial R&D performance in 1994, compared with an estestimated and relatively lower estimates for
mated 11 percent share in 1988. In terms of dollars development’s share of industry’s total R&D perfor-
spent in 1994, among the largest nonmanufacturing perance.
formers were computer-related service firms ($6 bil-
lion) and research, development, and testing firms ($2  For 1994, $11.1 billion of the $97.1 billion in
billion). In future publications, NSF hopes to report company-performed non-Federal R&D was not allo-
considerably more detail on the composition and loca-cated to specific character-of-work categories by the
tion of nonmanufacturing R&D. reporting firms, nor was $1.3 billion of the company-
reported Federal R&D total. Table B-5 provides the
Character-of-Work Revisions. As first noted industry R&D category distributions used in this
in the 199(National Patternsthe procedures used by National Patternsas well as a historical summary for
the Bureau of Census for imputing character-of-work the years 1985-93.
splits for industry’s R&D performance were changed
for 1986 and later years; hence, these data are not This National Patternsontains a major revision in
directly comparable with data for 1985 and earlier ~ industry’s estimated basic research performance for the
years. A full description of the various imputation  years 1991-94 from that published in the 18&4ional
methodologies—and alternatives—is presented in thePatterns Previously, basic research was estimated to
1988Industry R&Dreport (NSF 90-319). Briefly, for have almost doubled in 1991 (to $9.4 billion) from the

30For more detailed discussion on the interrelationship 31See NSFResearch and Development in Industry: 1992,
between R&D in manufacturing and advances in services, see, fodSF 95-324, (Arlington, VA, 1995) for further discussion of this
example, B. Guile and J. Quinn, edechnology in Services: issue.

Policies for Growth, Trade, and Employméwashington, DC:
National Academy Press, 1988).
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company-reported $5 billion in 1990. The revised Revised estimates for Federal funding of applied

basic research amount for 1991 is $7.8 billion and research and development to universities and colleges

approximately $7 billion for each year thereafter. Theand to university-administered FFRDCs were first

Census Bureau has since determined that several firmsluded in the 199Rlational Patterns.University

in the computer software service sector reported theiperformers report the amount of R&D and basic

R&D as basic research when development was the research that they undertake with Federal funds. The

more appropriate reporting category. These changesesidual is their combined applied research and develop-

have been made to the historical series. ment performance. The distribution between applied
research and development is approximated based on the
percentage shares of Federal obligation data to the

UNIVERSITIES AND COLLEGES academic sector as reported by Federal agencies in
The academic sector, including all university- Federal Funds Although the estimating procedures

administered FFRDCs, has been surveyed annually used previously had been loosely based on the data

since 1972 for R&D performance. It was surveyed |eg§ovided by the Federal funding agencies, the approach
) dopted here formally links performer- and source-

frequently before 1972. For 1994, data were collecte eported survey data, Applied research and develop-

from a sample of 500 institutions drawn from a populzi-

tion of 681 institutions of higher education in the Unite'anem expenditures for universities and colleges were

States and outlying areas that (1) granted a graduater(ia,[\;/'_sae ddrr:?nri;?;sgrllz(lj:nga(ZSB trc;\t/?;opnrgive:rté Egggl\ézgk
degree in science or engineering and/or (2) performe 0 1975. The general result is that the applied research

activities for which at least $50,000 had been funded share is slightly lower and the development share higher
from separately budgeted R&D expenditures. The than previously reported. For example, of the $9.0

institutions sampled comprised all doctorate-granting , ... ". . -
institutions, all historically black colleges and universi-blIIIon in Federal R&D support to universities and

ties with any R&D expenditures, and a random sampl8Olleges in 1989, $2.9 billion was for applied r.esearch
of all other institutions. For 1989-92, R&D perfor- and develqp_ment and $6.1 b|II|c_)n was for basic re-
mance was estimated from a census of institutions th F‘?“Ch activities. In the 199ational Patterns$2.5
granted doctorates in science and engineering plus a illion (28 percent of all Federal funds to the sector)

sample of all other universities and colleges. For 199%43S tabulated as applied research and $0.3 billion (3

data were collected from the full population of 681 tpércent)da_ls ?he;velopmterigslg Iih%lg?ﬂ'onﬁl dPat- h
institutions that met the criteria listed above. ersand in this report, caeral applied researc

funds are tabulated at $2.1 billion (24 percent) and
development at $0.7 billion (8 percent). The revised
totals, as well as the data reported in the 19&tonal
Patterns are presented in table B-6.

Character-of-Work Revisions. With the
exception of 1978, data on the basic research perfor-
mance of universities and colleges and of university-
administered FFRDCs have been collected annually

since 1972. Since 1979, however, only the combined R&D perf includ h fund beon-
total for applied research and development performanggeS periormance Iinclude research funds subcon

has been collected. Furthermore, data on the Charac{r‘ge?ccgftiéobourt;dZr?(;ge?\rtgzi?]tltcr)lgsc;t(;;rrs%er\rjgrg](jlggitors
of work from individual non-Federal sources of funds P yresp y ’

(i.e., industry, institutional funds, State and local R&D subcontracted to other organizations is excluded.)

governments, and other sources) are not surveyed. F%?talls on survey methods, coverage, con(_:epts, d_ef|n|-
the years 1978 to the present, the distribution of appli% ns, and rel!ablhty of the estlmates_assougted with
research and development from Federal sources is D expenditure data are reported in the f|s_cal year
based largely on data frofederal Fundsthe develop- (FY) 1994 report .(NSF. 96.-308) of tlm:aqlemlc

ment split fromeachof the non-Federal funding sources?c'e.nCe and Englneerlng. .R&D I_Ex_pendltur.es (Aca-

is calculated as approximately 7 percent of the survey ic R&D)series. Ther(—;‘ is preliminary evidence from
non-Federal R&D funding totals; and the applied F SUurveys that approximately 3 percent of ‘Ot‘?" .
research share frogachof the non-Federal funding academic R&D funds are passed through the university
sources is an estimated residual (total R&D funds, to other recipients.

minus basic research funds, minus development funds).

Subcontracting. Only for the academic sector
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OTHER NONPROFITINSTITUTIONS sector is approximated based on the average of the an-
nual percentage change in (1) industry’s funding of in-

It has not been possible_ to mginf[ain the same SUNR¥try-performed R&D (fronindustry R&D)and (2)
frequency for other nonproflt_lnstltutlons_; the last Com'mdustry funding of university-performed R&D (from
plete_ survey was conduct(_ad in 1973. Since then, Sm%lcademic R&LD. Nonprofit funding as a source of
and informal surveys of this sector have been under- p ¢ i fynds to this sector is approximated based on the
taken periodically, most recently for 1983. Forthe 5,51 percentage change in nonprofit funding of uni-
years 1984 to the present, estimates for federally fun%qsity-performed R&D (fronfcademic R&D. The
total R&D and character-of-work performance by NNty 4 acter-of-work splits from the non-Federal funding

profitinstitutions—including associated FFRDCS—argy, ces that were surveyed in 1983 are carried forward
derived from Federal obligation data reporte&éal- to the present.

eral Funds Industry as a source of R&D funds to this
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DATA ANALYSIS

PrELIMINARY DATA AND June 1996* By the Compustat account, nominal
corporate R&D spending of the top 100 firms is

ProJECTION PROCEDURES reported to increase 15 percent in 1995, compared with
the 0.6 percent growth for 1995 projected by IR

FOR 1995AND 1996 members in the fall of 1994, and the 8 percent growth

To the greatest extent possible, this report incorpder 1995 reported in thisational Patterns.Projec-
rates data for 1995 and 1996 R&D programs includedions for 1996 are based on a mail survey completed by
in the administration’s 1997 budget proposal. For 151 IRI members in August and September 1995.
example, the 1997 budget contains data on total R&Dnformation on the 1996 IRI survey may be found in
outlays and budget authority by agency and by charaResearch Technology Managemaérdl. 39, No. 1,
ter of work. However, the budget doest contain January-February 1996. Previously, NSF had con-
reliable estimates on the amount of Federal R&D fundfucted its own survey of companies’ planned R&D
received by each of the R&D-performing economic  expenditures.
sectors, but only the federally funded totals and funds
received by universities and colleges. The detailed Projections for 1995 and 1996 federally funded
sector-specific information is obtained from an NSF  R&D performance are based on (1) time-series model-
survey of Federal agencies’ R&D obligations. This  ing for the Federal sector as a source of funds, supple-
information is collected after the President’s proposedmented by (2) Federal obligations data reported in
budget has been published. For this reason, some offtbeleral Fund{NSF, 97-302 and unpublished up-
1995 and 1996 Federal R&D data reported here are dates).
based on the administration’s 1995 through 1997
budget proposals. Universities and Colleges.Preliminary data for
1995 are based on university responses to the FY 1995
Preliminary R&D performance totals Mational Academic R&D Survey, as of June 1996. These
Patternsare calculated for each sector, by character gespondents accounted for 89 percent of the R&D
work, and by source of funds from surveys and time- performed by universities and colleges in FY 1994.
series extrapolation techniques, as follows. Projections for 1996 are based on (1) Federal obliga-
tions to the academic sector reporte&@deral Funds
Federal Government.Projections for 1995 and (NSF, 97-302 and unpublished updates) and (2) time-
1996 are based on changes in intramural R&D obligaseries modeled extrapolations of recent trends for each
tions reported ifrederal Funds The amounts reported of the non-Federal sources.
for 1995 are preliminary and reflect congressional
appropriations, apportionments, and reprogramming Other Nonprofit Institutions. Preliminary
decisions as of the third quarter of FY 1995. Data fotapulations for 1995 and 1996 are based on (1) Federal
1996 are projections that reflect the reduction in obligations reported iRederal Fund§NSF, 97-302)
intramural R&D represented in the administration’s  and (2) time-series modeled extrapolations of recent
1996 budget proposal. trends in R&D performance and funding within the
industry and academic sectors, as outlined in the
Industry. Preliminary data for company-funded preceding section, “Performer Reporting Basis.”
1995 performance are based on (1) industry responses
to the 1995 Industry R&D Survey, as of June 1996, 32|RI is an independent, nonprofit association of over 260
which accounted for 44 percent of the R&D performed&D-performing companies. These companies represent the
by industrial firms in 1994; (2) a mail survey conductegrospace, automotive, chemical, computer, and electronics

. . . industries, among others, and carry out approximately 80 percent of
in August 1994 by the Industrial Research Institute the industrial research in the United States. Detailed results of the

(IRI) of its membership; and (3) data PrOVided inthe  compustat tabulations for the year 1995 may be foumaside
Standard and Poors Compustat Services database ardib, Vol. 25, No. 23, June 5, 1996.
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Sector Summary. Table B-7 provides a concise ~ The geographic data on 1987 R&D expenditures in
listing of sectors for which performer-reported data, the 1990National Patternsncluded State agencies’
source-reported data, or a combination of the two areintramural R&D performance that was obtained from a
used; the general approaches adopted (for example, special NSF survey, reported orResearch and
time-series techniques); and assumptions used in ~ Development Expenditures of State Government
preliminary national expenditures on R&D, basic Agencies: Fiscal Years 1987 and 198EF 90-309).
research, applied research, and development, all of The estimates for 1993 provided here do not include
which are outlined above. The table includes such this State agency component.
information for the current projection years (1995-96),
for finalized data of recent years (1992-94), and fora  State-distributed data for the industry sector are
historical reference year (1973). collected for odd-numbered years. The latest available

detailed data are for 1993 and are frimustry R&D
(NSF 96-304). The data include R&D performance by

Use oF TIME-SERIES DATA industry-administered FFRDCs.

Data presented in trend tables are assembled from
the most recently completed survey cycles. Data for
prior years are reviewed for consistency with current

year rtlatspt)_onseit?nd—when necgss?ryTre\él(js_(id N R&D performance by an FFRDC is assigned to the
consultation with SUrVEy respondents. In adaition, - g6 i which the FFRDC is located, which is not

changes n samplg design or Imputation .methOdOIOQ'eﬁecessarily the State in which the administering institu-
can result in revisions to previously published data. tion is located

For trend comparisons, the historical data contained in
this report should be used rather than the data published
in previousNational Patterns/olumes.

State-distributed data for the academic sector are
collected only for doctorate-granting institutions and
university-administered FFRDCAg¢ademic R&D).

State-distributed data for Federal laboratories are
intramural R&D obligations in FY 1993. These data
are available from the 10 major R&D-supporting
agenciesKederal Fund
GEOGRAPHIC DISTRIBUTION ) ® g
This report contains information on the State distri- State-distributed data for other nonprofit institu-
bution of R&D performance for 1993 (table C-16). tions are Federal R&D obligations to this sector in FY
These data cover R&D performance by Federal agen1993 as reported by the 10 major R&D-supporting
cies, industry, academia, and the federally funded R&Bovernment agencieBéderal Funds These agencies
activities of nonprofit institutions. The zero figures reprovided approximately 98 percent of total Federal
ported for some States in table C-16 represent R&D R&D obligations in 1993. Data on R&D performance
performance of less than $0.5 million. These State-diy this sector using non-Federal sources of funds are
tributed data are meant to be indicative of general disnot collected.
tribution patterns; they may not be precise enough to
warrant strong comparisons among similiar numbers.
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HumaN RESOURCES

The 1994National Patternsvas the first to Previously,National Patterngrovided national
include revised data on scientists and engineers estimates of FTE R&D scientists and engineers. Atone
(S&Es) engaged in R&D activities. This national point, NSF had survey data for FTE estimates in all
series consists of separate survey estimates of R&D sectors of the economy. Currently, NSF collects such
S&Es employed in industry and in the Federal Goverdata only for the industrial sector. The last FTE R&D
ment and doctorate-holding R&D S&Es employed in personnel survey of the academic sector was for 1985,
educational institutions and in nonprofit organizationsand the last manpower survey of the nonprofit sector
The industry series are for S&Es employed on a full-was for 1973, although a small telephone survey was
time-equivalent (FTE) basis; totals for the other conducted for 1983.
sectors reflect the primary work activity of S&Es.

The loss of such survey data necessitated increased

A variety of surveys and estimation technigues areeliance on analytically derived figures (including the
used to gather information on the numbers and charaase of regression equations) which were based largely
teristics of persons engaged in science and engineeritg estimating assumptions that could not be empirically
activities in all sectors of the economy. In general, twtested for their continued validity. Consequently, those
types of surveys are used in reporting worker inputs fpreliminary series are replaced here with survey counts
R&D: surveys directed at individuals and surveys of the number of doctorate-holding S&Es who self-
directed at employers. report their primary work activity as R&D or R&D

management. How well these head counts might

approximate an FTE estimate is unknown. On the one
SURVEYS OF INDIVIDUALS hand, they may provide an overestimate of FTE activity
since many of the surveyed S&Es are not engaged in
rB&D full-time even though it is their primary work
activity. On the other hand, this approach may under-
economic characteristics of the respondents. In the estimate FTE R&D personnel since it does not account

survey of doctoral scientists and engineers, respondehcfeg Srffssgl?rigeic:‘c;? tﬁflrje\\xgg ddgs?i?r::tzlg ;n((jjof:;:af;i_
are asked to report their primary work activity—i.e., gree. P

the activity on which they spend the largest proportionSon with _the 1985 and 1989 f|gu_res published in the
of their time, but which is not necessarily a full-time 1992National Patternsare described and summarized

activity. This survey is conducted only in odd-num- in table B-8. For the total United States, the revised

bered years. The latest tabulated data are available F&ur_es for 1989 (924,200) are 3 percent lower than
1993 and are summarized in table C-19. Details on previously reported (949,300).

survey methods, coverage, concepts, definitions, and
reliability of the estimates associated with these S&E Federal Government.For the Federal sector,

data are irCharacteristics of Doctoral Scientists and SUTveY data on civilian scientists and engineers are
Engineers in the United States: 1998SF 96-302) collected annuallyRederal Scientists and Engineers:
' " 1989-93 NSF 95-336). The estimates are compiled

from the U.S. Office of Personnel Management’s
(OPM’s) Central Personnel Data File on all white collar
SURVEYS OF EMPLOYERS civilian jobs and are reported in terms of primary work
These surveys generally are focused on the amougétivities. Scientists or engineers are included in the
of time—in terms of person-years—devoted tothe  National Patterngotals if their primary work activity
performance and management of R&D. In this reportis research or development. These head counts exclude
data on the number of S&Es—not just those holding (1) military personnel (but include civilian S&Es
doctoral degrees—employed by industry on an FTE  employed in defense agencies) and (2) Federal employ-
basis in R&D are summarized in table C-35. For  ees classified in a management occupational code, even
example, if each of two scientists/engineers spends 5¢ they manage an R&D program. The earliest year for
percent of the workday on R&D, the equivalent is onewhich these OPM statistics have been compiled is
FTE R&D job. 1985. Data for 1985-89 published in the previous

These surveys (in this report, of scientists and
engineers holding doctorate degrees) result in data o
the primary work activities and demographic and
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National Patternsncluded estimates for R&D Recipients (SDR). The academic R&D employment
managers; these estimates are no longer included in ttegals are of doctoral scientists and engineers employed
Federal totals. For years prior to 1985, the figures in all educational institutions who self-report their
reported were based on NSF surveys since discontinprimary work activity as “research,” “development or
ued. design,” or the “management or administration of
R&D.” No adjustments are made to derive FTEs. For

Industry. Industry is the only sector for which 1989, the revised primary work activity total (83,500)
FTE R&D S&E survey estimates are available. Firmds approximately 11% percent less than the FTE figure
report (ndustry R&D FTE employment levels for (93,700) last published iNational Patterns.Because
January of each year, and a simple 2-year moving the doctoral data are collected only biennially, the
average is used for the national R&D S&E series. Foievised national FTE series also are reported biennially.
example, the total reported for 1989 (733,000) is the
average of the level reported by firms for January 1989 NSF introduced a number of improvements into the
and January 1990. Except for minor data revisions 1991 SDR (for example, changes in the age-based
resulting from the inclusion of wedged statistics, the cohorts collected and in the definition of doctoral
industry totals reported here do not differ from those scientists and engineers) that may affect comparability
reported previously. As detailed above for the industryith SDR data published for prior survey years. The
expenditure data, improvements in the sample designacademic S&E total for those reporting R&D as their
for 1992 and later years resulted in data that now betfimary work activity for 1989 is 83,500 and the total

reflect R&D performance among firms in the for 1991 is 74,600. Whether changes in the survey
nonmanufacturing industries and small firmsinall ~ design or in actual employment patterns caused the
industries. academic R&D S&E decline is unknown. The report

Characteristics of Doctoral Scientists and Engineers

Universities and CollegesFor the academic  in the United States: 199NSF 94-307) provides
sector, two series are reported: doctoral scientists anddditional information on these methodological
engineers and graduate students performing research:hanges.
The head counts for research students are from the
Survey of Graduate Students and Postdoctorates in Other Nonprofit Institutions. The last survey
Science and Engineering and are for full-time scienceof the nonprofit sector was for 1973. Since then, the
and engineering graduate students in all institutions nonprofit estimates publishedNational Patterns
whose major financial support is research assistant- generally were based on survey data from the early
ships. In this revised series, FTE estimates are derivd@70s and trends in the ratio of national R&D expendi-
assuming a 50 percent workload (or working half-timetures to FTE R&D S&Es. In the revised series, non-
on R&D); previously, a 47 percent workload assump- profit R&D employment levels are taken from the
tion was used. Survey of Doctorate Recipients. The figures are for

doctoral scientists and engineers employed in nonprofit

Academic institutions were previously surveyed foprganizations who self-report their primary work
estimates of FTE R&D S&Es: however, 1985 is the activity as “research,” “development or design,” or the
most recent year for which this survey was conducted:management or administration of R&D.” These
Since then, the academic estimates publishdhin figures were not adjusted for part-time R&D activity or
tional Patternswere derived, usually, from a regressiofior R&D activity by nondoctoral scientists and engi-
analysis of the 1975-85 academic FTE survey data neers. For 1989, the revised primary work activity
based on the explanatory variables: (1) academic R&ptal (9,200) is approximately 75 percent less than the
expenditures and (2) the number of academic doctoraf TE figure (34,500) last published Wational Pat-
S&Es who reported R&D as their primary work terns The effect on the Nation’s total FTE estimate is
activity. The revised series directly uses reported  approximately a 2.7 percent downward revision.
employment levels from the Survey of Doctorate
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Li1sT oF SUPPORTING DATA SOURCESON
R&D EXPENDITURES

Characteristics of Doctoral Scientists and Engi- reported in a survey of U.S. universities and univer-
neers in the United States: 19@8SF 96-302). sity-administered federally funded research and
Presents data on demographic and employment charaevelopment centers. Data include distribution by
teristics of the Nation's doctoral scientists and engi- source of funds, performing institution, character of
neers. These characteristics include citizenship, placeork, field of science, and geographic location.
of birth, field of degree, occupation, sector of employ-
ment, median salary, and rates of employment. National Science FoundatioRederal Funds for

Research and Development: Fiscal Years 1994, 1995,

Federal Scientists and Engineers: 1989-@8SF  and 1996,(NSF 97-302) (Arlington, VA, 1997).
95-336). Contains information on the status of FederBletailed statistical tables cover R&D (and R&D plant)
scientists and engineers. The report provides a descifigading levels through November 1995 as reported by
tive analysis of various characteristics of Federal all Federal agencies with R&D programs. Includes
scientists and engineers, including the agency of data by agency, performer, character of work, geo-

employment, primary work activity, educational graphic distribution, and field of science and engineer-
attainment, age, salary, and geographic location. ing.

“Industrial Research Institute’s Annual R&D National Science Foundatiofederal R&D
Trends Forecast for 1996Research Technology Funding by Budget Function: Fiscal Years 1995-97

Management\ol. 39, No. 1, January-February 1996, (NSF 97-301) (Arlington, VA, 1997). Provides infor-

pp. 15-17. Provides a summary of expected 1996 mation on Federal R&D budget authority by Federal

industrial R&D activity and includes information on  budget function as proposed in the administration’s

changes related to companies’ R&D budgets (such ad997 budget.

participation in consortia and hiring patterns). Report

is based on a mail survey completed by the Industrial ~ National Science FoundatioRgsearch and

Research Institute’s membership in August and Septerevelopment in Industry: 199&orthcoming) (Arling-

ber 1995. ton, VA,1996). Detailed statistical tables cover indus-

trial R&D performance as reported in a sample survey

National Science Boar&cience & Engineering  of companies. Data include distribution by source of

Indicators 1996 NSB 96-21 (Washington, DC: U.S. funds, industry classification, character of work,

Government Printing Office, 1996). Source of informgsroduct field, geographic location, company size, and

tion on R&D and other science and engineering data. other tabulations.

Published source of national R&D expenditures esti-

mates for years when the bienriidtional Patterns Office of Management and Budgéte Budget of

report is not published. the United States Government, Fiscal Year 1997

(Washington, DC: U.S. Government Printing Office,

National Science FoundatioAcademic Science  1996). Provides quantitative and qualitative informa-

and Engineering: R&D Expenditures, Fiscal Year tion on R&D funding as proposed in the administration’s

1994 NSF 96-308 (Arlington, VA, 1996). Detailed 1997 budget.

statistical tables cover academic R&D performance as
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